The sustainable management of solid wastes encourages metallurgic and metal-mechanic industries to look for safety applications for their wastes, thereby attenuating the environmental impact or lowering the costs. The study herein proposes strain monitoring the recycling of foundry sand with organic pollutants, as inert, in the manufacturing process of polymer concrete using optical fiber sensors. This work also analyzes the compressive strength of polyester polymer concrete made with foundry waste, i.e., recycled foundry sand and polyester polymer concrete made with fresh sand. The foundry sands are contaminated with Sodium Silicate from the mould-making process. Polymer Concrete (PC) is a composite material in which the binder consists entirely of a synthetic organic polymer. Optical fiber sensors present a great deal of potential in monitoring the structural health condition of materials. Experimental results show that the use of the embedded FBG sensor can accurately measure strain, providing information to the operator that the structure is subjected to failure. Multiplexed FBG strain sensors enable measuring strain in different locations by occupying only one tiny optical fiber.
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Introduction
Polymer Concrete has been widely used to produce building cladding since the middle of the last century 1 . In recent years, the construction industry has progressed considerably with technical innovations, and the research and development of high-performance and multifunctional construction materials have been actively pursued to cope with the innovations. In particular, this trend is perceived in the new frontiers of the construction industry, i.e., super high-rise buildings, very deep underground space, ocean, and lunar base developments in advanced countries. The current development of construction materials should be ecologically safe and energy-saving from the viewpoint of global environment protection, apart from conventional development. A worldwide interest in concrete -polymer composites has become stronger 2 . Polymer Concrete is a concrete-like composite, in which a resin binder, in this case polyester resin, substitutes the cement binder. The composition of PC is determined by its applications, and is used very efficiently in precast components such as manholes, pipes and chemical vessel, it also has important applications in concrete repair and anti-corrosion protection, including industrial flooring 3, 4 . Polymer concrete exhibits brittle failure behavior and it is therefore important to improve its post-peak stress-strain behavior 5 . Fiber Bragg grating (FBG) sensors have generated much interest in recent years. They have proven to be reliable sensors to measure various physical, chemical and biological parameters [6] [7] [8] . The advantages of optic fiber sensing are well known, such as low weight, small dimension, long transmission distance, EMI immunity, etc... In addition, for FBG based sensors, there is the ease with which these sensors multiplex 8 . Bragg grating depends on the effective index of core refraction and the periodicity of the grating. The effective refraction index, as well as the periodic spacing between the grating planes, will be affected by changes in strain and temperature. The refractive index itself is temperature dependent. The relative change in Bragg wavelength due to strain and temperature can be expressed by 8 .
where a = 9 × 10 -6 0 C -1 is the thermal coefficient and b = 0.78 is the strain-optic constant associate with the temperature change ∆T and the applied strain ε, respectively.
Fiber Bragg grating has been employed in a variety of engineering applications involving internal strain measurements in composite plates monitoring and in-service structure control, damage detection [9] [10] [11] [12] . When the FBG is embedded in composite material all mechanical forces in the material are transmitted to FBG.
Different measurement techniques can be employed to determine strain and temperature variation associated to induced modification in the reflected spectrum of Bragg grating [6] [7] [8] [9] [10] [11] [12] [13] [14] . Frequently, the measure is taken with commercially available optical spectrum analyzers (OSA).
Materials Used
Sand is used in two different ways in metalcasting: as molding material, which forms the external shape of the cast part, and as cores, which form internal void spaces in products such as engine blocks. Since sand grains do not naturally adhere to each other, binders must be introduced to cause the sand to stick together and hold its shape during the introduction of the molten metal into the mold and the cooling of the casting.
The ecological advantages of molding sand with Sodium-Silicate as a binder are well known. On the other hand, the segment of the market that uses synthetic resin as a binder points to three principal disadvantages of this material: low primary resistance, unsatisfactory behavior of collapsing and difficult regeneration by dry and mechanical processes. Theses disadvantages are justified by the presence of Sodium ions and to the formation of a glass phase of chemically aggressive Na 2 O-SiO 2 , obtained after the application of an electrical charge in the molding sand.
An alternative to raising the primary resistance consists of using lower binder content, and therefore, lower Sodium concentrations. Using this technique obtains a better collapsing behavior and the ability of regenerating the used sand.
The polyester resin used to perform this investigation was an unsaturated orthophtalic polyester resin diluted in 44% styrene. The resin system is pre-accelerated by the manufacturer and the initiator used with this resin was methyl ethyl ketone peroxide MEKP (2% in mass).
Experimental Procedure and Results
The formulation of the polymer concrete used 90% of foundry, recycled and fresh, sand and 10% of polyester resin, in mass. For each formulation, three cylindrical specimens were cast. All polymer concrete specimens were allowed to cure for 7 days at room temperature and then post-cured at 70 °C for 3 hours, before being tested in compression.
Polymer concrete specimens were compacted in a φ50 × 100 mm steel cylindrical mold, according to the RILEM standard PC-2 [15] . For each formulation 5 specimens were cast.
Cylinder polymer mortar specimens were tested in compression at the loading rate of 1.25 mm/min according to the ASTM C39-93 standard 16 . All specimens were instrumented with optical fibers as shown in Figures 1 and 2 . Compressive strength and chord modulus of elasticity in compression were calculated according the following equation:
where σ c is the compressive strength; F is the maximum load recorded; and A is the cross-sectional area of cylinder specimens. The optical system used in the experiment was composed of a broadband source, coupler and an optical spectrum analyzer (OSA) to monitor the position of the FBG sensor. The compressive loads applied to the polymer concrete specimen were transmitted to an embedded FBG sensor and the wavelength variations were taken with OSA. Figure 3 shows the scheme of the setup used. Figure 4 shows the experimental results of compression test monitoring using FBG sensors embedded in polymer concrete taken under the consideration of equation 1 and constant temperature. The results indicated a good agreement predicate, i.e., the compressive strain increases with increasing the applied load. The maximum compressive stress for fresh polymer concrete is 6.84 MPa associated to compressive strain of 194.3 µε, at this point the specimen starts to damage. The figure clearly depicts the decreasing of the stress and strain.
In average, recycled polyester polymer concrete compressive strength is 97.8% higher than fresh sand polyester polymer concrete. The fresh sand PC shows consistent results with low standard devia- tion. The recycled PC also shows good convergence test results, except for the third specimen (Table 1 ).
Conclusions
Strain measurements in polymer concrete made with recycled and fresh sand structures by using fiber-optic Bragg grating (FBG) sensors were experimentally conducted.
In spite of the good results, the embedded process of the FBG sensor within polymer concrete must be improved and efforts will be made to develop a new mechanical transducer to overcome possible problems related to the fiber fragility 14 . Instable measurements were verified during tests due to possible temperature change during compressive deformation.
According to previous studies performed by researchers, the difference in the compressive strength is not the same that was recorded in this research 17, 18 . Normally, the recycled and fresh sand produces similar results, but in previous studies the furanic resin had acid catalyst and this sand has Sodium-Silicate as a binder. This result indicates that the residue of foundry sand influences its performance as aggregate. Therefore the recycled sand component proves to be an important factor to be analyzed. 
